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The maximum value of the slowdown coefficient in the considered system surpasses 200 and decreases 
with increasing distance between layers (fig. 2). This is caused by a weakening of the bond between the plas-
mon-polaritons that arise in the system [5]. At the same time, the change in the distance between the sheets 

has a weak effect on the propagation coefficient x. The ratio x = Re
Im

q
q

 of the real and imaginary parts of the 

tangential component of wavevector q determines wave attenuation during propagation along the layers. If this 
ratio is close to unity, then the corresponding modes decay quickly. In other words, x determines the number of 
oscillations occurring before a wave dissipates in the system. The propagation coefficient strongly depends on 
graphene quality (fig. 3). In its turn, graphene quality characterized by the intraband relaxation rate Gtrans which 
plays the main role in the terahertz region [27].

It was shown experimentally that the ballistic length in CVD graphene can exceed 28 mm [18] what cor-
responds to the relaxation rate parameter of about 0.03 THz. For a demonstration, in fig. 3 we show the 
propagation constant x for the two-layer graphene system (as in fig. 2) with a 10 nm dielectric spacer, when 
Gtrans = 13 THz. The given value of the relaxation rate was demonstrated in [14; 21]. One can see that in this 
case the attenuation increases dramatically, and factually makes it impossible to use such a system for wave 
slowdown.

The dependence of the slowdown coefficient on the value of the graphene chemical potential m in the case 
of asynchronous and synchronous oscillations is shown in fig. 4, a, b. The chemical potential has a significant 
effect on the value of the slowdown coefficient in graphene sandwiches. For a lower value of the chemical 

Fig. 2. The dependence of the slowdown coefficient on the frequency in the case (a) asynchronous  
and (b) synchronous oscillations for different interlayer distances  

when the graphene chemical potential is 0.10 eV; the value of the propagation coefficient x  
in the plane of the layers for the same (c) asynchronous and (d ) synchronous oscillation


